The skeletal muscle fibers of mammals have been histochemically classified into two types, red and white (DUBOWITZ and PEARSE 1960, NACHMIAS and PA-DYKULA 1958) , or three types (OGATA 1958 , STEIN and PADYKULA 1962 , OGATA and MORI 1964 . The definite arrangement of various types of fibers within a muscle was reported by ROMANUL (1964) . Although it has been reported that skeletal muscles are divided into two types based on an electrophysiological and electrophoretic patterns (BRODY and ENGEL 1964) , a comparison between histochemically classified fibers and electrophysiologically divided muscle types has not yet been satisfactorily made. The knowledge of the distribution pattern of the different fiber types in a skeletal muscle has an important significance for understanding the functional activities electrophysiologically recorded from different sites in the muscle. In the present study, attempt was made to elucidate the polulation and spatial distribution of muscle fibers by examining succinic dehydrogenase activity in the limb and jaw muscles of normal rats, rabbits and cats. Possible relations between histochemical findings and physiological functions of the muscle will be discussed. were removed. The fresh muscles were immediately frozen in dry ice acetone. Round minutes in a substrate solution described in the methods of NACHLAS et al. (1957) .
II.
Results.
In reference to the succinic dehydrogenase activity of the muscles in mammals, 329 the muscle fibers can be divided into three types, i. e. white fibers with a low succinic dehydrogenase activity and large diameter, red fibers with a high succinic dehydrogenase activity and small diameter, and medium fibers with an intermediate degree of succinic dehydrogenase activity and an intermediate diameter.
In the present study, the skeletal muscles examined were always mixtures of fibers of two or three types and no muscles were found to consist of a single type.
The M. gastrocnemius, M. quadricepe femoris and M. biceps femoris in all the species examined, and the M. digastricus in the cat and rabbit consisted of three types of fiber. The M. soleus, M. masseter and M. temporalis of these species and the M. digastricus in the rat contained two types, red and medium muscle fibers. In the M. quadriceps femoris of the rabbit there were three types of muscle fiber ( Fig. 1) with different succinic dehydrogenase activities.
In Fig. 1 , it is indicated that the large, small and intermediate fibers showed a low, high, and an intermediate enzymatic activity respectively. The differences in enzymatic activities among the three types of fiber in the M. quadriceps femoris were greatest in the cat, less in the rabbit and least in the rat. Such tendency was also observed in all of the other muscles employed in the present study.
The ratio in number of fibers of the three types obtained in certain muscles is shown in Table 1 . As far as the homologous muscles of the three animals were concerned, there were no great differences in the percentage (calculated by the method described under Fig. 8 ) occupied by each of the three types of muscle fibers. The M. digastricus seemed to represent an exception in this respect. The M. gastrocnemius and M. soleus are well known as a representative of white and red muscle respectively. The former contained more white fibers and the latter mainly consisted of medium fibers (Figs. 2, 3 and Table 1 ). However, neither of these muscles were composed of a single type of muscle fiber. Between the M, quadriceps femoris and M. biceps femoris which are functionally antagonistic, no great difference in fiber population was observed in the cat, rabbit and rat (Figs. 1, 4 and Table 1 ). The M. masseter and M. temporalis in the cat and rabbit, which are jaw closing muscles, are always composed of red and medium fibers, although the M. digastricus which is a jaw opening muscle mostly consists of three types of fiber with a predominance of white fibers (Figs. 5, 6 and Table 1 ). However, in the rat, the two types of fiber, red and medium in the M. masseter, temporalis and digastricus were almost the same in their frequency ratio ( Fig. 7 and Table 1 ). In general, it is concluded that jaw muscles contain more of red and medium fibers, although limb muscles less of them.
In each muscle, the distribution pattern of fibers of the three types contained in various parts, i. e., from the periphery to the center in a cross section was determined. By the method described in the note under Fig. 8a and b, the ratio of fibers calculated in a radial, periphero-central sequence. The white fibers in the M, gastrocnemius of the cat and rabbit showed, from the periphery to the center, a gradual decrease in perccentage and the red and medium fibers a gradual increase (Fig. 9 ). In the rat, the white fibers of this muscle markedly decreased towards the center and the red and medium ones increased (Fig. 10) . The red and medium fibers in the M. soleus of the cat and rabbit presented no fluctuations in their ratio, although in the case of the rat medium fibers gradually decreased and the red increased towards the center of cross sections (Figs. 11 and 12 ). In the M. quadriceps femoris of the cat and rabbit, the white fibers showed a descending curve and the medium fibers an ascending curve, while the red fibers were almost constant in their ratio from the surface to the interior of the muscle (Fig. 13) . However, in the M. quadriceps femoris of the rat, the white fibers predominated in the peripheral or superficial portion, the medium fibers in the deeper part and the red fibers in the central or axial portion (Fig. 14) . In the M. biceps femoris of the cat and rabbit, the white fibers presented a sharply descending curve, while the red and medium fibers gradually ascending curves (Fig. 15) . On the other hand, the M. biceps femoris of the rat showed a fluctuation in percentage of either fiber (Fig. 8) . Viewed from the surface to the depth of the M. masseter, a constant proportion of red and medium fibers was maintained in the three animals (Fig.  16) . The medium fibers, from the superficial part toward the deeper, markedly decreased and the red fibers markedly increased in the M. temporalis of the three animals (Fig. 17) . In the case of the cat and rabbit, the M. digastricus was composed of three types of fiber and their ratio in number was almost constant through the whole depth (Fig. 18) .
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and the former was found markedly increased and the latter sharply decreased towards the depth of the muscle (Fig. 19) .
III. Discussion.
Since PADYKULA (1952) first described that muscle fibers showed different reactions for succinic dehydrogenase and that different arrangements of mitochondria were observed in muscle fibers, it has been reported that there are two distinct types of muscle fibers, being based upon the size of fibers and the enzymatic activity of oxidative enzymes or phosphorylase (NACHMIAS and PADYKULA 1958, DUBO-WITZ and PEARSE 1960) . Recently, it has been shown that three types of muscle fibers were histochemically distinguishable in the muscles of certain mammals (OGATA 1958 , STEIN and PADYKULA 1962 , OGATA and MORI 1964 .
On the other hand, there are reports of physiologists concerning the functional differentiation of muscles. Many workers demonstrated two types of skeletal muscle, white and red (RANVIER 1874 , DENNY-BROWN 1929 , COOPER and ECCLES 1930 . It seems generally accepted that the pattern of contraction curve of the muscle is dependent upon the rate in number of the large and small fibers in the muscle (COBB 1925) . In the present work, it was demonstrated that the M. gastrocnemius, which is well known as a white muscle, was predominantly composed of white fibers and the M. soleus, known as a red muscle, mainly consisted of medium fibers. Therefore, the above finding indicated a possibility to classify skeletal muscles according to their succinic dehydrogenase activity in addition to their functional patterns. When the M. gastrocnemius and M. quadriceps femoris were compared among the rat, rabbit and cat, no great differences were observed in the population of the three types of fiber. On the contrary, the jaw muscles, the M. masseter, M. temporalis and M. digastricus, varied in this regard among different animals. WACHSTEIN and MEI-SEL (1955) demonstrated that the M. masseter of the rat and rabbit are composed of muscle fibers which present a higher succinic dehydrogenase activity than in limb muscles. The present study indicated that the limb muscles were mostly composed of white and medium fibers, while the jaw muscles presented a higher percentage of red and medium fibers. That the jaw muscles contain a large amount of oxidative enzymes is probably related to physiological requirements. A comparison between the functionally different muscles in the limbs, i. e. the M. biceps femoris (flexor muscle) and M. quadriceps femoris (extensor muscle), revealed no great difference in the ratio of the three types of fiber. However, the jaw muscle, the M. masseter, M. temporalis (jaw closing muscle) and M. digastricus (jaw opening muscle), showed considerable differences in the percentage of the three types of fiber.
The gradient in the distribution of white fibers from the surface to the interior of some skeletal muscles, except for the jaw muscles, has been reported by ROMANUL (1964) . In the present study, it was demonstrated that white fibers were more numerous in the superficial part of muscles, whereas red and medium fibers occurred more frequently in the interior or deep portion of them. Such distribution may bear some significance in recording electromyographic activity from, different sites in a muscle (BUCHTHAL 1957) , for example, in recording electrical activity of neuromuscular units.
It has been pointed out that the skeletal muscle fibers are functionally differentiated into kinetic and tonic types with deviation in discharge intervals of their neuromuscular units (TOKIZANE and TSUYAMA 1956) , and that there are two systems of ventral horn cells for extensor muscles, i. e., large phasic and small tonic cells (GRANIT et al. , 1957 . These electrophysiological reports indicate that the muscle fibers are divided functionally into two kinds and innervated by two systems of motoneurone. Concerning the relationship between the three types of fiber and their function, KONDO (1959) postulated that white, medium and red muscle fibers correlate to phasic contraction, plastic tonus and contractile tonus, respectively. Further attempt is keenly desired to clarify the relations between the physiological function and histochemical patterns of the three types of muscle fiber.
IV.
Summary.
A histochemical study was made on the succinic dehydrogenase activity of the M. gastrocnemius, M. soleus, M. quadriceps femoris, M. biceps femoris, M. masseter, M. temporalis and M. digastricus in the rat, rabbit and cat. According to the intensity of the succinic dehydrogenase activity, the muscle fibers were divided into three types, i. e. white fibers with a low, red fibers with a high, and medium fibers with an intermediate enzymatic activity.
Every muscle studied was composed of two or three types of muscle fiber, and never of a single type of fiber. The ratio in number of muscle fibers of three types varied in different muscles. The limb muscles contained white and medium fibers in higher percentage, while the jaw muscles composed mainly of red and medium muscle fibers in these three animals.
White fibers were generally more numerous in the superficial part of the muscle, whereas red and medium fibers in the axial or deep portion of the muscle.
